Abstract Objectives: The current study investigated whether personality traits and facets were associated with interleukin-6, C-reactive protein, and fibrinogen, and whether physical activity mediated the relationship between personality and biomarkers of inflammation. Methods: Personality was assessed in the Midlife Development in the United States study using the Multi-Dimensional Personality Questionnaire and Midlife Development Inventory personality scale. Data were included from 960 participants (mean age = 57.86 years, standard deviation = 11.46). Personality was assessed from 2004 to 2009. Serum levels of interleukin-6, fibrinogen, and C-reactive protein were assessed in 2005-2009 as part of the Midlife Development in the United States biomarkers subproject. Results: Lower neuroticism was associated with elevated interleukin-6, and achievement was associated with lower fibrinogen. Higher physical activity was associated with lower interleukin-6 and C-reactive protein. Mediation models suggested that physical activity mediated the associations between achievement and both interleukin-6 and C-reactive protein. Discussion: Physical activity is an important factor in the Health Behavior Model of personality and explains some of the associations between personality and inflammation. These findings contribute to the fields of aging and health by linking individual difference factors to markers of inflammation, and showing that these processes may function partially through specific behaviors, in this case physical activity.
Introduction
Chronic inflammation can contribute to poor health outcomes in later life. It can dampen immune function, exacerbate symptoms of chronic conditions, and accelerate the aging process. 1, 2 There is evidence for possible psychosocial (e.g. personality) [3] [4] [5] and behavioral (e.g. physical activity) [6] [7] [8] [9] factors that are associated with markers of inflammation. Identifying these factors is important toward improved understanding of who is at risk for inflammation and the development of interventions to help improve health outcomes. The current study examined both psychosocial and behavioral pathways to inflammation. Moreover, we connected these pathways via mediation analysis in order to examine the mechanisms by which psychosocial characteristics are associated with inflammatory markers.
Basic construct definitions
Biomarkers of inflammation. Serum interleukin-6 (IL-6) is a pro-inflammatory cytokine and a marker of inflammation. 10 When infection occurs in the body, cells of the immune system release IL-6 to promote inflammation and notify the body that an inflammatory response is taking place. 11 C-reactive protein (CRP) is released from the liver in the presence of IL-6 and goes to the site of inflammation and helps destroy pathogens and return the body to homeostasis. 12 Fibrinogen is a glycoprotein that acts as an acute phase reactant in the bloodstream, responding to physiological stress and disease. 13 Fibrinogen, IL-6, and CRP are part of a critical response to battling pathogen invasion. 10 Individuals who frequently experience these responses over time often develop chronic inflammation, which is associated with a myriad of negative health outcomes such as cardiovascular disease and cancer. 14, 15 Personality. Personality is a broad construct that refers to individual differences in general patterns of thinking, feeling, and behaving. 16 These individual differences are what make a person unique and have been linked to both behavior and health outcomes across the life span. [17] [18] [19] [20] Many researchers use trait taxonomies to define personality (e.g. the Big Five: neuroticism, extraversion, openness to experience, conscientiousness, and agreeableness). 21, 22 Facet-level measures of personality represent more narrow-bandwidth characteristics (e.g. motivation, anxiety, need for control) and are often considered to be underlying characteristics defining the traits. In addition, these more narrow facets can be independently linked to consequential outcomes. 18, 23, 24 The combined analysis of broad-trait and narrow-facet levels of personality is essential in deepening our understanding of patterns of associations between personality traits and various outcomes. 18, 25 Thus, the current study used both trait and facet measures of personality to examine the links to inflammatory markers.
Personality and inflammation
Inflammatory markers have emerged as key factors in understanding health and can be partially understood through associations with personality. 10, [12] [13] [14] Traits such as higher neuroticism, lower conscientiousness, lower extraversion, and lower openness are related to elevated fibrinogen, IL-6, and CRP. [3] [4] [5] 26, 27 Furthermore, specific facets of personality such as depressive symptoms, hostility, impulsivity, and excitement seeking are also related to serum IL-6 and serum CRP, white blood cell count, and lymphocyte count. [28] [29] [30] Others have supported these findings, suggesting that higher conscientiousness and higher levels of self-directedness were associated with lower IL-6 31 and lower CRP. 32 This is further evidence for the importance of examining narrower, facet-level personality on these biomarkers, as it can be the case that associations are not detected at the trait level but only emerge when examining these lower order characteristics. Thus, this gives us more precise findings regarding how personality may be linked to inflammation.
Physical activity and inflammation
There is a substantial body of literature examining links between physical activity and inflammation. [6] [7] [8] 33, 34 One meta-analysis examined studies that linked levels of activity and exercise training to inflammatory markers. 7 Results showed that regular training over time produced a long-term anti-inflammatory effect. This decrease in the inflammatory response as a result of physical activity may be a key to explaining links between physical activity and reduced cardiovascular disease risk.
Personality and physical activity
We used the Health Behavior Model (HBM) 17, [35] [36] [37] as our theoretical framework for the current study. This theory posits that certain characteristics are associated with either beneficial or detrimental behaviors that are directly related to health. There is a growing body of literature on various aspects of health in multiple samples supporting this theory, 38 and a number of studies have found associations between personality and behaviors such as substance abuse and physical activity. 19, 37, [39] [40] [41] [42] [43] These factors may be a pathway through which personality influences health. That is, personality traits have a direct impact on health, but personality traits are also related to other factors (such as health behaviors), which in turn are the stronger influence on health. Ultimately, a more cohesive narrative explaining the personality-health relationship can be reached through the inclusion of these health behaviors.
Physical activity is an important health behavior linked to personality and health, as shown by a growing body of literature connecting it to personality. 44 Two recent meta-analyses reviewed the existing literature on personality and physical activity. Rhodes and Smith 45 found that higher extraversion and conscientiousness were consistently associated with higher levels of physical activity, while higher neuroticism was associated with lower levels. Others 46 have found that extraversion, openness, and conscientiousness were consistently associated with more physical activity (both objective and self-report), and neuroticism was associated with less physical activity. These findings paint a clear picture of personality traits and physical activity. However, relatively few studies have examined personality facets 47 to gain a finegrained glimpse into what drives these associations. There is some evidence 48 that personality facets predict exercise behavior. Activity (a facet of extraversion) and self-discipline (a facet of conscientiousness) were direct predictors of exercise behavior, while anxiety (a facet of neuroticism) moderated the association between exercise intention and exercise behavior. Low anxiety, paired with high levels of exercise intention, was associated with the greatest likelihood of engaging in exercise behavior.
The current study sought to bring these areas of inquiry together, using the theoretical framework of the HBM, and the associations between personality (traits and facets) and inflammatory biomarkers, via physical activity. Specifically, it is expected that personality would be associated with physical activity and that physical activity would be associated with IL-6, CRP, and fibrinogen. Three indicators of inflammation were chosen as key to outcomes of health, as they were the key inflammatory markers measured by the Midlife Development in the United States (MIDUS) study team.
Methods

Sample
Data for this study were taken from the MIDUS study, 49 50 ). In addition to the time 2 follow-up, a subset of respondents was recruited for participation in the biomarker study (2004) (2005) (2006) (2007) (2008) (2009) ). These participants (N = 1255) were required to travel to one of three General Clinical Research Centers to provide blood, urine, and saliva specimens for an intensive study of hypothalamic-pituitary-adrenal (HPA) axis, autonomic, immune, cardiovascular, musculoskeletal, and metabolic function. Trained medical staff collected these data in addition to vital signs, a physical exam, and a medical history. An attrition analysis of the key variables in the current study indicated that individuals who dropped out before completing the biomarkers project were higher in neuroticism (t(1811.8) = 2.48, p = .013) and lower in openness (t(1878.7) = -4.08, p ≤ .001), as well as less healthy (t(1794.1) = 6.39, p < .001), less educated (t(1654.4) = -7.96, p < .001), and more likely to be Caucasian (χ 2 (1) = 16.31, p < .001.
Measures
Personality traits. Traits were assessed at Time 2 using the Midlife Development Inventory (MIDI) personality scales. 22, 51 Participants rated the extent to which 26 adjectives described them on a 1-4 scale (1 = not at all, 4 = a lot). These adjectives were used to measure the Big Five: Neuroticism (moody, worrying, nervous, calm (reverse), α = .74); Extraversion (outgoing, friendly, lively, active, talkative, α = .76); Openness to Experience (creative, imaginative, intelligent, curious, broad-minded, sophisticated, adventurous, α = .77); Conscientiousness (organized, responsible, hardworking, thorough, careless (reverse) α = .68); and Agreeableness (helpful, warm, caring, softhearted, sympathetic, α = .80).
Personality facets. Facets were assessed at Time 2 using the Multi-Dimensional Personality Questionnaire (MPQ), 52, 53 based on the Tellegen three-factor model (positive emotionality, negative emotionality, behavioral constraint) assessing 10 sub-facets of personality (well-being (α = .73), social potency (α = .71), achievement (α = .67), social closeness (α = .69), stress reactivity (α = .74), aggression (α = .66), alienation (α = .61), behavioral control (α = .61), traditionalism (α = .59), and harm avoidance (α = .57). Participants rated the extent to which certain statements described them (1 = true, 2 = somewhat true, 3 = somewhat false, 4 = false) (e.g. "I usually find ways to liven up my day" and "when I get angry, I am often ready to hit someone"). In constructing the measurement for harm avoidance, two statements were used in addition to a set of two scenarios where participants were asked to choose the scenario they would dislike more ("riding a long stretch of rapids in a canoe," or "waiting for someone who's late,"). This was done to measure this facet as a self-report behavioral measure of harm avoidance, rather than an indicator of characteristic anxiety.
Physical activity. Physical activity was assessed at time 2 via 12 items that asked about the frequency of moderate and vigorous physical activity that the respondent engaged in (0 = never to 5 = several times a week). Frequency of moderate/vigorous activity was asked about separately by domain (leisure, work, or home) and by season (winter or summer). Items were combined per Cotter and Lachman's 19 scoring procedure (α = .92). Seasonal scores (winter vs summer) were first averaged within each domain for moderate and vigorous activity, then the domain with the highest score (leisure, work, or home) was used as the moderate or vigorous activity score. Finally, moderate and vigorous activity scores were averaged together, resulting in the final total physical activity score.
Inflammatory markers. While other studies have typically used a single biomarker (most commonly IL-6), we used multiple indicators of inflammation that were available in the MIDUS biomarker subproject. IL-6, CRP, and fibrinogen each represent a distinct part of the immune process. For predictive validity of personality traits, we tested multiple outcomes to determine whether parallel effects would be found. Inflammatory markers were assessed between 2005 and 2009 as part of the MIDUS Biomarker Subproject (project 4), whose primary aim was to identify biological pathways associated with health outcomes. Investigators randomly selected individuals from the MIDUS II sample to participate. Consenting participants then traveled to one of three data collection sites (University of California, Los Angeles (UCLA); University of Wisconsin; and Georgetown University). The testing protocol included blood samples, morphology, functional capacities, bone densitometry, medication use, and a physical exam, all conducted by clinicians or trained staff. For full details on the project 4 data collection, see Ryff et al. 54 As biomarkers also tend to be affected by a series of medications, all models controlled for the use of blood thinners, statins, steroids, chronic condition comorbidity, and time between the measurement of personality and the biomarker measurement. 5 
Data analysis
Preliminary analyses were conducted using linear regression models to estimate the effects of personality and physical activity on inflammatory markers. We tested personality traits and facets separately, and tested each of the three inflammatory markers separately as well (IL-6, CRP, and fibrinogen). Due to positively skewed distributions, IL-6 and CRP were natural log-transformed for analysis. The distribution for fibrinogen was normal and is in gram per deciliter units. We kept the models for the MPQ and Big Five scales separate, as personality dimensions tend to be correlated and could over-saturate the models if combined. 55 All models included physical activity and also controlled for age, gender, education, race, self-rated health, depression, body composition, medications, comorbidities, and time (from personality measurement to biomarkers assessment).
Linear regression models also tested the associations between personality and physical activity, in order to decipher the factors that were candidates for mediation. The personality-biomarker models and personality-physical activity models were then combined into a series of mediation models, using the R package "mediation." 56, 57 These models test the effect of personality on inflammatory markers through physical activity. 58, 59 We used the default simulation type, which was a quasi-Bayesian Monte Carlo method based on normal approximation. 56, 57 Traditionally, mediation is established when the effect of an independent variable on a dependent variable is reduced (partial mediation) or eliminated (full mediation) by a mediating variable. 58 However, current methodological models of mediation 55 hold that mediation can be present when there is no direct pathway between predictor and outcome. This suggests that the predictor is indeed related to the outcome but only through a mediator. See Figure 1 for a theoretical model. Table 4 contains the results of the final mediation models and includes the indirect effect (mediation), direct effect (the part of the effect not mediated), and total effects (the sum of the indirect and direct effects). The similarity among the three outcomes is acknowledged, and while these were not any formal adjustments for multiple comparisons, alpha criteria were set to .01, and interpretation reflects interpreted only those effects that are significant at p < .01. Some discussion is mentioned for those trends that were significant at alpha values between .01 and .05; however, we emphasize the need for replication of all effects reported in this study. The full analytic script for this study can be found at https://osf.io/h6jnm/.
Results
Direct effects
Personality facets and inflammatory markers. The models showed that very few facet-level predictors were directly associated with inflammatory markers after adjusting for covariates. However one facet, achievement, was associated with lower fibrinogen (p = .004). This effect was robust and held up when controlling for the other personality facets as well as physical activity. In addition, a few facets were weakly related with p values between .01 and .05. Specifically, higher reactivity was related to lower IL-6 (p = .031), and higher social potency (p = .019) and control (p = .035) were related to higher fibrinogen. See Table 1 for a complete summary of the facet models.
Personality traits and inflammatory markers.
The models testing associations between personality traits and inflammatory markers yield few significant results (see Table 2 ). Specifically, the fully adjusted models showed that lower neuroticism (p = .004) predicted higher serum IL-6. This effect was robust and was independent of other traits as well as physical activity.
Physical activity on inflammatory markers. Physical activity was included in the above reported models estimating the effects of personality traits and facets on inflammatory markers, and showed in both sets of models that higher physical activity predicted lower levels of both IL-6 (p < .001) and CRP (p < .01), reflecting the expected pattern that individuals who reported higher amounts of physical activity had lower levels of inflammatory markers (see Tables 1 and 2) .
Personality traits/facets on physical activity. Models showed small effects on physical activity. For facets, higher achievement (p = .011) and lower harm avoidance (p = .041) were associated with greater physical activity. For the broader personality traits, higher extraversion (p = .015) was associated with greater physical activity (see Table 3 ).
Mediation effects
The mediation models adjusted for the same covariates as the preliminary analyses. These models suggested that the personality-inflammation associations were mediated by physical activity (see Table 4 ). Specifically, mediation was found for the facet achievement on both IL-6 (p = .01) and CRP (p = .01). The direction of the estimates indicates that the individuals higher on achievement had lower levels of both IL-6 and CRP, and this association is operated at least partially through engagement in more physical activity. In addition, a few mediation models showed weak effects with p values between .01 and .05. Specifically, there was an effect for harm avoidance on both IL-6 (p = .028) and CRP (p = .048), and for extraversion on both IL-6 (p = .016) and CRP (p = .024).
Discussion
The current study found evidence for the relationship between personality and key inflammatory markers. From the trait-level taxonomy of personality, higher neuroticism was associated with lower levels of IL-6; however, there was no evidence for associations between traits and physical activity. At the facet level, we found a few associations between facets and inflammation, but at the more conservative alpha criteria (p < .01), the only effect was for the association between achievement and fibrinogen. Achievement was associated with higher levels of physical activity and also with markers of inflammation, specifically IL-6 and CRP. Mediation models revealed that indeed physical activity mediated the associations between achievement and inflammation (IL-6 and CRP). This suggests that the associations between achievement and inflammation may operate through physical activity 59, 60 and is consistent with our expectations. Overall, these effects are consistent with our theoretical framework of the HBM, suggesting that the effects that personality have on inflammation are operating through the specific health behavior of physical activity. At the trait level, past work had indicated that extraversion and conscientiousness are associated with health and behavior outcomes. 32, 48 Achievement, a facet that is closely aligned with those traits, indicated a similar relationship to health outcomes of inflammation through physical activity. These findings suggest that the fine-grained facet-level analyses may be a more robust approach to understanding individual differences in behavior and health and may provide a more comprehensive understanding in the personality-health relationship.
The small effect sizes of the current study are still considered to be of importance, as the nature of personality research shows small coefficients with impactful implications, especially when considered over long periods of time. When predicting objective, medical outcomes, these effects are non-trivial and should not be ignored. 61 These effects can be interpreted in standard deviation units, so the estimates are for individuals at 1 standard deviation beyond the mean.
When extrapolated out to the individuals who are 2 or even 3 standard deviations above or below the mean of personality, these effects are much greater. In this case, effects were found even after controlling many potential confounders and can still mean something important for how personality psychology is utilized in understanding health-related outcomes in a medical setting.
The current study has shown support for HBM 36 as a means of explaining the associations between personality and inflammation. Other potential pathways not accounted for with the HBM exist and require further attention. For example, social support, major life events, and social roles may be more important than health behaviors in contributing to serum levels of inflammatory markers, 62 particularly when mediating pathways from some personality traits/facets. These additional pathways between personality and inflammatory markers may be why we only found associations between personality and physical activity for some traits/facets and not all. However, the current research may suggest that physical activity is particularly important for health regulation for those individuals high in achievement. Future studies should explore additional pathways that could explain the associations of other aspects of personality to health outcomes.
Personality gets "outside the skin" via several potential processes, such as reactive process (moderation) or self-regulative process (mediation). 63 In this study, we tested the self-regulative process of personality on health, specifically inflammation, via mediation. Additional work with more long-term longitudinal data will give us further insight into the effects on objective long-term health outcomes, such as disease onset and mortality. Among the limitations to the current study were the relatively low reliabilities (between .6 and .7) of the personality scales used in MIDUS. The results need to be interpreted with caution, and future studies need to extend these findings using different measures. While we did measure personality prior to the measurements of inflammatory markers, another limitation to this study is that we did not have baseline levels of serum inflammatory markers to control for, as they were not available at the time 1 wave of the MIDUS data collection. As such, we do not know whether personality is related to subsequent change in inflammation, and future studies with additional follow-up data of these inflammatory markers are needed. In addition, the temporal structure for testing mediation was not ideal, as physical activity and personality were assessed in the same measurement occasion. That said, further research should clarify whether physical activity acts as a true mediator of the personality-inflammatory marker associations, rather than a confound. Future work will need to continue this line of inquiry and attempt to replicate these findings with optimal data, both using MIDUS as new waves of data collection are added, and with other data sets.
Conclusion
These findings contribute to the broader fields of aging and health by providing evidence that individual difference factors, specifically personality traits and facets, are linked to key markers of inflammation. In addition, the current study describes a complex process underlying direct relationships. Specific behaviors, in this case physical activity, may be an important factor toward understanding the role that individual differences have on health outcomes. As the medical field continues to examine how chronic inflammation contributes to health outcomes in old age, the psychological sciences will do their part in identifying how individual differences may begin to influence those processes earlier in life. If the field continues to find robust evidence that both personality and physical fitness may help reduce inflammation and improve health, this will aid in the development of more tailored interventions in younger individuals who may be at greater risk. This has already begun to be examined for trait conscientious in identifying that an individual who is low in conscientiousness and less likely to engage in healthy behaviors may be more susceptible to inflammation and disease and require some kind of personality informed intervention to mitigate negative outcomes. Personality-based precision medicine can help identify such individuals and tailor preventive care in light of their unique psychological risk factors. The HBM is a theoretical framework that describes why personality characteristics influence health and longevity. Our findings provide empirical support for this model suggesting that higher levels of achievement are associated with lower levels of inflammatory markers via more physical activity and suggest that personality may be contributing to our biological health in very real ways. Physical activity is an important mechanism by which personality gets under the skin and may help future researchers and practitioners understand how's and why's of the associations between personality, inflammation, and downstream health.
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